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Indigenous peoples of America represent the last principal expansion of humans 
across the globe1, yet their genetic history remains one of the least explored2. Although 
these populations have inhabited the continent for thousands of years3, their 
evolutionary history remains largely unresolved4,5, owing to the limited availability  
of genomic data. Here we present data on 128 high-coverage Indigenous American 
genomes and show they harbour extensive and previously uncharacterized genetic 
diversity, re!ecting at least three dispersals into South America, followed by regional 
di"erentiation and long-term continuity. We identi#ed widespread natural selection 
signals in genes associated with immunity, metabolism, reproduction and 
development, which were shaped by adaptation to diverse environmental conditions. 
Notably, several genomic regions exhibit a remarkable allele sharing with Australasian 
populations, probably originating from an ancient admixture event and partly 
maintained by selection for more than 10,000 years. We also detected distinct 
contributions from archaic humans with adaptive introgression a"ecting key 
biological functions. The limited overlap between the regions of Australasian a$nity 
and archaic ancestry indicates independent evolutionary origins of these signals. These 
#ndings challenge simpli#ed models of continental settlements and show a more 
dynamic and complex evolutionary history for the Indigenous peoples in America.

America was the final frontier of early human global dispersal1, marking 
the last continent to be populated not only by Homo sapiens but also 
by any hominin species. The American continent and its populations 
have unique characteristics crucial for understanding human evolution. 
Human history on the American continent began at least 15,000 years 
ago3; however, the ancestry of Indigenous American populations traces 
back further in time, with their formation beginning about 25,000 years 
ago in and around the Beringian land bridge6. This period was crucial 
for the emergence of Indigenous American diversity7, and after millen-
nia of partial isolation in Beringia, the end of the Last Glacial Maximum 
triggered rapid and large-scale dispersal into America4,5.

As the only continent spanning both northern and southern global 
extremes, America encompasses a vast range of climates and biomes, 
further shaped by the most extensive mountain ranges in the world, 
including the two American cordilleras, the Andes in South America 
and the Rocky Mountains in North America. This environmental diver-
sity imposed diverse selective pressures on human populations8–10. 
After the initial settlement, except for the northernmost regions, the 

first American inhabitants remained virtually isolated from the other 
continental groups for nearly 15,000 years, giving rise to diverse and 
numerous autochthonous populations after the initial wave of disper-
sal from Beringia and, in the case of South America, a few dispersals 
from North America4,5. Over the past five centuries, European-driven 
colonization has profoundly transformed the continent, leading to the 
widespread extermination of Indigenous populations and giving rise 
to a complex mosaic of diverse and multiethnic surviving Indigenous 
and admixed groups11.

Despite this profound and impactful history, Indigenous populations 
from America remain the least studied from a genomic perspective 
among the principal human continental groups2. At present, only a few 
high-coverage genomes are available for evolutionary and biomedical 
research12,13. Over the past decade, studies of ancient and present-day 
individuals based primarily on genotyping arrays and, to a lesser extent, 
whole-genome sequencing have provided important insights into the 
initial peopling of the continent and the factors shaping genetic diver-
sity among Indigenous populations3–5,11,14,15. However, inherent biases 
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in genotyping arrays and the limited number of studied populations 
have left many gaps unfilled.

In this context, questions that have been extensively explored using 
high-quality genomic data from other continental populations remain 
largely unexamined in Indigenous Americans16,17. For instance, the 
full extent of genomic variability among Indigenous American popu-
lations, represented by diverse and geographically broad sampling, 
and its effect on health and evolution remain unknown. The fine-scale 
geographic structure and comprehensive picture of the relationships 
between present-day and ancient populations across the continent have 
yet to be thoroughly explored through genomic studies. Moreover, the 
effects of natural selection, the role of archaic introgressions—whether 
adaptive or not—and the influence of several ancient dispersals on 
shaping genetic diversity over time remain compelling and unresolved 
questions.

Here we generated a diverse and high-quality dataset of Indigenous 
American genomes to address these unresolved issues and shed light 
on how demographic history and natural selection have shaped the 
genetic diversity of Indigenous Americans, providing crucial insights 
into their unique genomic variability, history, relatedness, archaic 
introgressions and genetic adaptations.

Data overview
We present the Indigenous American Genomic Diversity Project, com-
prising 128 newly generated high-coverage (approximately 44 times) 
whole genomes from Indigenous individuals across 8 Latin American 
countries (Argentina, Bolivia, Brazil, Colombia, Ecuador, Mexico, Para-
guay and Peru), representing 45 populations and 28 language families 
(Fig.%1a, Extended Data Fig.%1 and Supplementary Table%1). This dataset 
expands Indigenous representation in genomics, with emphasis on geo-
graphically and linguistically diverse populations, particularly from the 
South American lowlands. For most analyses, we integrated these data 
with published ancient and present-day Indigenous American genomes 
(Supplementary Tables%2 and 3) after quality filtering (Methods). The 
final dataset included 199 contemporary Indigenous individuals from 
53 populations and 31 language families. Global ancestry inference 
(Methods) showed no detectable post-European admixture in most 
newly sequenced individuals (Supplementary Note%3). When required, 
we inferred local ancestry and masked non-Indigenous genomic seg-
ments (Methods and Supplementary Note%3).

All data were collected, generated and analysed following inter-
national ethical standards for research with Indigenous populations 
(Methods). The study was conducted in collaboration with Indigenous 
communities, with results returned in accessible formats. Community 
feedback was constructive and positive, emphasizing how genomic 
findings could complement traditional knowledge and historical nar-
ratives.

Global genomics miss Indigenous diversity
Owing to an evolutionary history marked by both ancient 
(out-of-Beringia6) and recent (European colonization11) demographic 
shifts, Indigenous populations from America have traditionally been 
considered and expected to be less genetically diverse than other 
continental human groups1,12,13. By analysing 128 high-coverage 
genomes against a dataset of more than 270,000 individuals from 
various genomic databases (1000 Genomes Project (1KGP)18, Human 
Genome Diversity Project (HGDP)13, Simons Genome Diversity Project 
(SGDP)12, Genome Aggregation Database (gnomAD)19 and Single Nucle-
otide Polymorphism Database (dbSNP)20), we identified 12,493,650 
single-nucleotide variants (SNVs), of which 11.4% were new (1,426,511; 
Fig.%1b). Of these, 4.7% were polymorphic (allele frequency > 0.01) and 
0.02% were common (allele frequency > 0.05; Fig.%1c–e). This corre-
sponds to about 11,100 new variants per individual, fewer than reported 

for Africans (about 27,800 per individual in 180 genomes)16 and similar 
to Oceanians (about 12,600 per individual in 159 genomes)17, on the 
basis of comparable reference datasets.

Thus, despite lower overall diversity, Indigenous Americans carry 
many previously unreported variants. This reflects both substantial 
genetic variation and long-standing underrepresentation in genomic 
resources, underscoring the need for broader inclusion to improve 
evolutionary and biomedical inference and to ensure benefits for Indig-
enous and descendant communities.

Indigenous American genomic variation
We assessed present-day genetic structure in Indigenous Americans 
using principal component analysis (PCA) and ADMIXTURE (Methods). 
Global PCA showed no batch effects, with clustering by geography 
rather than dataset source (Supplementary Note%1). Analysis of 160 
unrelated masked genomes showed clear differentiation between 
North and South America and substructure within regions (Fig.%2 and 
Extended Data Fig.%2). Because PCA and ADMIXTURE are sensitive to 
population-specific drift21, several groups, including Karitiana, Suruí, 
Amahuaca and Yaminahua, show distinctive profiles. This pattern is 
partly explained by elevated inbreeding, reflected by increased runs 
of homozygosity (ROHs) and higher FROH, an ROH-based inbreeding 
coefficient (Fig.%2, Extended Data Fig.%3 and Supplementary Table%4). 
These results underscore the limitations of using the Suruí and Kari-
tiana as representative proxies for lowland South American genetic 
diversity (a common practice in population genomic studies), given 
their pronounced genetic differentiation, even relative to geographi-
cally nearby populations.

Genetic similarity mirrors geography when assessed with outgroup 
f3 statistics, which are unbiased by population-specific drift. Four prin-
cipal South American genetic clusters that closely follow geography 
were identified by applying a neighbour-joining tree to 1 − outgroup 
f3 and multidimensional scaling to 1/outgroup f3 (Methods, Extended 
Data Figs.%2 and 8a,b and Supplementary Table%5). These clusters are 
the Southern Cone, Eastern South America, Western South America 
(mostly lowlands) and Chaco. Southern Cone populations, including 
Mapuche-Tehuelche, were the most differentiated, yet Andean Quechua 
grouped within the same clade, indicating long-distance affinity. Chaco 
populations formed the sister branch, followed by the unclustered 
Tsimané, probably reflecting cultural and linguistic isolation22. The 
remaining split separates Eastern and Western lowland populations.

In North America, the earliest split separates Pima and Yaqui (both 
in northern Mexico), followed by divergence of the Nahua-Xochitlán 
group (central Mexico/Mexican Atlantic coast). Mixe, Mixtec and Zapo-
tec then branch off (in southern Mexico), followed by Maya (on the 
Yucatán Peninsula) and finally the remaining continental diversity. 
This pattern mirrors the archaeological division between Aridoamerica 
and Mesoamerica and corresponding linguistic differences, with Pima 
and Yaqui belonging to Uto-Aztecan languages. On the basis of this 
concordance, we group these populations into two genetic clusters, Ari-
doamerica (northern Mexico) and Mesoamerica (central and southern 
Mexico, and Extended Data Figs.%2 and 8a). Although broadly consistent 
with previous studies11,23–26, our results show finer substructure and 
reinforce the link between genetic differentiation and geography, in 
line with PCA and ADMIXTURE results (Fig.%2).

Analysis of molecular variance showed that genetic clusters explained 
a modest proportion of genetic variation (9%; P = 0.04), whereas ethno-
linguistic groupings explained none (P = 0.57; Supplementary Table%6). 
Genetic distances, estimated as 1 − outgroup f3(Mbuti; X, Y), were cor-
related with geographic distance among Indigenous American popula-
tions, both continent-wide (Spearman’s r = 0.4401, P ≅ 0) and within 
South America (Spearman’s r = 0.148, P ≅ 0; Supplementary Table%7 
and Supplementary Note%4). However, isolation by distance alone does 
not account for the observed structure. Estimated effective migration 
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surface (EEMS) showed regions of greater-than-expected genetic dif-
ferentiation under an isolation-by-distance model, including south-
eastern Peru, northern Bolivia and southwestern Amazonia (Extended 
Data Fig.%4), consistent with previous work24. Reduced migration was 
inferred in Aridoamerica, the northern Amazon, the Chaco and eastern 
South America, particularly north of the Amazon River. These patterns 
indicate that demographic history and geographic and cultural factors 
have shaped genetic structure. By contrast, elevated migration between 
Mesoamerica and South America indicates greater connectivity than 
expected from geographic distance alone, consistent with previous 
evidence of North to South America gene flow4,27.

Genomic legacies of colonization
Compared to other continental groups, Indigenous Americans show 
a distinctive ROH length distribution, with more segments in all cat-
egories except the shortest (less than 2 cM), where Oceanians exceed 
them (Extended Data Fig.%5), reflecting ancient bottlenecks and 
recent inbreeding. Mesoamerican and Southern Cone populations 
have the lowest ROH levels (Extended Data Figs.%3 and 5), indicating 
higher genetic diversity. By contrast, Moseten (Tsimané), Pano-Takana 
(Amahuaca, Yaminahua), Zamuco (Ayoreo) and Tupi (Sirionó, Suruí, 
Karitiana) speakers have the highest ROH counts and total length 
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Fig. 1 | Genetic diversity of present-day Indigenous American populations. 
a, Geographic distribution of Indigenous American individuals included in the 
study. Each point represents a sampling location and its size is proportional to 
the number of individuals from that population. b, Stepwise filtering of SNVs to 
identify new variants. The UpSet plot shows the number of variants in different 
combinations of public databases: 1KGP + HGDP, gnomAD and dbSNP. Total 
variants = 12,493,650. c, Cumulative allele frequency spectrum: new variants 
(n = 1,426,511). The area plot displays the number of variants with allele 

frequency equal to or higher than a given threshold (greater than or equal to 
allele frequency (AF) in the x axis), separated by database overlap groups.  
d, Rarefaction curves showing the number of segregating SNPs as a function  
of the number of sampled genomes across African, European, East Asian  
and Indigenous American ancestry groups. e, Distribution of minor allele 
frequencies (MAFs) for SNPs in each population. Lines represent the proportion 
of SNPs with MAF greater than or equal to a given threshold.
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(Extended Data Figs.%3, 5 and Supplementary Table%4), with an excess 
of long segments (Extended Data Fig.%5) probably due to population 
collapse, fragmentation and isolation after European colonization11,28, 
driven by epidemics, enslavement, warfare, displacement, instigation 
of intergroup violence, habitat destruction and disruption of subsist-
ence and traditional knowledge29,30.

Indigenous American ancestry was positively correlated with 
ROH number (Spearman’s r = 0.69; P = 3.16 ( 10−22), whereas Afri-
can (r = −0.45; P = 1.97 ( 10−11) and European ancestries (r = −0.68; 
P = 4.20 ( 10−22) were negatively correlated, highlighting elevated ROH 
in Indigenous Americans and corroborating previous studies31. The 
Arapium individual from Northeastern Brazilian Amazon showed low 
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Fig. 2 | Genetic structure of present-day Indigenous American populations. 
a, The first two PCs inferred from linkage-disequilibrium-pruned masked 
genome-wide data. Individuals are colour-coded by genetic cluster, as defined 
in the analysis presented in Extended Data Fig.%2a. b, PCA visualization of the 
same data, colour-scaled by individual ROH-based inbreeding coefficients 
(FROH). c, Ancestry proportions inferred by means of unsupervised ADMIXTURE 

analysis%at K = 12 (the highest K for which a consensus was reached), ordered by 
genetic cluster (as defined in Extended Data Fig.%2a) and plotted with PONG.  
d, Geographic distribution of population-averaged ancestry proportions at 
K = 12 overlaid on a partial map of America. Both analyses were restricted to the 
maximum set of individuals unrelated at first degree.
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ROH consistent with their admixed profile (26.92% European, 11.25% 
African). This individual speaks Nheengatu, a Tupi-Guarani-derived 
creole historically used as a Brazilian lingua franca, reflecting increased 
contact and admixture with non-Indigenous populations.

Contrary to expectations under serial bottlenecks following entry 
into the Americas, population-averaged FROH values (Extended Data 
Fig.%3) showed no significant correlation with geographic distance 
from Alaska (r = 0.22; P = 0.1091), longitude (r = 0.16; P = 0.2506) or 
latitude (r = −0.25; P = 0.0734). Clusters of high FROH are observed in 
southern Amazonia, northern Bolivia and southeastern Peru, though 
uneven sampling could influence these patterns.

Identity by descent (IBD) analyses showed that segments greater 
than 8 cM were mostly shared within populations (Extended Data Fig.%6 
and Supplementary Table%8), indicating limited postcolonial gene flow. 
Small, isolated populations probably experienced increased inbreed-
ing, explaining the high prevalence of long ROHs (Extended Data Fig.%5) 
and reflecting population fragmentation and reduced intergroup con-
tact following European colonization.

Effective population size (Ne) histories inferred from IBD (Methods) 
showed a widespread postcontact bottleneck across Indigenous Ameri-
can populations, with recent recovery in Chaco and western South 
America (Extended Data Fig.%2d). Precolonial expansions of roughly an 
order of magnitude (from 104 to 105) occurred in eastern and western 
South America (Extended Data Fig.%2d), consistent with Late Holocene 
growth32,33. Mesoamerican populations maintained high Ne, although 
eastern and western South America exceeded them about 1,500–500 
years ago, with western South America and Chaco surpassing all in 
the most recent period. Aridoamerica had persistently low Ne and the 
strongest postcontact bottleneck (Extended Data Fig.%2d), matching the 
high number of long IBD segments in this cluster (Extended Data Fig.%6).

Cross-coalescence rate estimates (Methods) show that Indigenous 
American populations, grouped by genetic cluster, diverged from 
other continental groups between about 70,000 and 15,000 years ago 
(Extended Data Fig.%7), consistent with Out-of-Africa dispersal and the 
initial peopling of the Americas, when their ancestors were already 
genetically distinct from Asian ancestors4,5. Within the continent, dif-
ferentiation among Indigenous American clusters increased during 
the Middle Holocene and became pronounced in the Late Holocene 
(Fig.%3c), coinciding with the emergence of distinct ancestral compo-
nents and regionally structured genetic profiles (Fig.%3c). Estimates of 
cross-coalescence rates between South American clusters (regions) 
rise between 5,000 and 3,000 years ago for most pairs (Extended Data 
Fig.%7). These dates contrast with an independent study estimating 
divergence of principal South American groups (Amazonia, Andes, 
Chaco, Patagonia/Southern Cone) at 13,900–10,000 years ago34. Our 
results better match the timing of dispersals into South America, par-
ticularly the second main wave, which is inferred to have contributed 
most to present-day populations and to have started arriving around 
9,000 years ago4,5. The difference probably reflects our broader, 
more representative sampling across ethnolinguistic and geographic 
diversity.

Our inferred timeframe matches the diversification of several lan-
guage families35 and supports the increasing population structure 
during this period. The Middle Holocene brought major climatic shifts, 
weakening the South American monsoon and causing instability36. 
Combined with megafauna extinction37, these changes disrupted eco-
systems and reduced resources. Archaeological evidence indicates 
demographic decline and retreat into refugia, probably driving the 
genetic isolation and differentiation we observe38. Population recovery 
followed, aided by early plant cultivation and regionally structured 
societies38.

We inferred the Ne history of genetic clusters from within-population 
coalescence rates (Methods) and found that over the past 10,000 
years, Indigenous American effective population sizes declined 
by 40–90%, consistent with previous reports34. Historically, North 

American populations had slightly higher Ne than South American 
groups (Extended Data Fig.%2e), but in the past 1,000 years, South Ameri-
can lowland populations (Western and Eastern clusters) show margin-
ally higher Ne, matching IBD-based inferences of recent expansion 
(Extended Data Fig.%2d,e). IBD-based methods capture recent events 
(past 50–100 generations) but miss deeper history, whereas coalescent 
approaches resolve ancient events but have limited recent resolution. 
Combining both provides a fuller view across timescales. These results 
highlight the complex demographic history of Indigenous Americans, 
from divergence from Asian ancestors to continental differentiation, 
and show the lasting effect of colonization on genetic diversity.

Continental dispersals and continuity
To assess shared ancestry across time and space, we estimated genetic 
affinities among all Indigenous Americans, including ancient genomes 
from the Allen Ancient DNA Resource39 and Brazilian sambaqui mound 
builders15 (Methods, Supplementary Note%3 and Supplementary 
Table%9). A neighbour-joining tree based on unbiased genetic distances 
showed a strong link between genetic similarity and geography, with 
some regions displaying long-term continuity (Fig.%3 and Extended 
Data Fig.%8c,d). Clustering mirrored ADMIXTURE results (Fig.%3 and 
Extended Data Figs.%8 and 9), forming geographically restricted clades 
indicative of at least partial continuity and limited mobility. Genetic and 
geographic distances were moderately correlated (Spearman’s r = 0.46; 
P ≅ 0), similar to when only present-day populations were considered 
(Supplementary Note%4). Genetic distance and temporal separation 
between individuals showed a weak but significant correlation (r = 0.29; 
P ≅ 0). Inferred correlations were stronger in North America and weaker 
in South America and across regions (Supplementary Note%4).

The neighbour-joining tree indicates at least three main dispersals 
into South America. The earliest includes Southern Native American 
(SNA) individuals older than about 9,000 years. They cluster together 
(Fig.%3 and Extended Data Fig.%8c,d) and show mixed ancestry com-
ponents (Fig.%3 and Extended Data Fig.%9), reflecting an early undif-
ferentiated SNA ancestry that later diverged into distinct lineages4,5. 
Key representatives include Anzick-1, Montana, USA (about 12,700 
years; Clovis culture40); a Spirit Cave, Nevada, USA individual (about 
11,000 years)4,5; a Los Rieles, Chile individual (about 12,000 years)5; 
and Sumidouro and Lapa do Santo, Lagoa Santa, Brazil individuals 
(more than 9,000 years)4,5.

About 9,000 years ago, a distinct genetic lineage spread through Cen-
tral America into southern Mexico, Belize and Panama. This ancestry 
also appears in the Caribbean, especially in%Archaic-period (preceramic) 
Cuban individuals (about 5,000–2,500 years ago) and in northern South 
America, including present-day Venezuela. We reference the archaeo-
logical period for Caribbean individuals because genetic patterns in 
the region align closely with shifts in material culture, as previously 
demonstrated33 and as we further corroborated. This lineage extended 
into southern South America, where groups such as the Quechua in Peru 
and the Tehuelche in Argentina show continuity with it today. Genetic 
evidence supports this later dispersal and partial replacement of earlier 
populations4,5, consistent with ancient DNA studies showing a popula-
tion turnover in the Americas beginning at least about 9,000 years ago.

Notably, nearly all present-day Indigenous South American and Car-
ibbean individuals from the Ceramic period (about 2,500–500 years 
ago) show a distinct genetic affinity, showing a previously unrecog-
nized third dispersal into South America. This ancestry peaks in the 
Ceramic-period Caribbean group (Extended Data Fig.%9; K = 5–8), and 
these populations form a separate branch in the neighbour-joining tree 
(Fig.%3 and Extended Data Fig.%8c,d). The dispersal probably occurred 
at least 1,300 years ago, on the basis of the earliest individuals in this 
cluster.

Our analysis of ancient and modern genomes improves resolution of 
population relationships, especially for the second dispersal. Archaic 
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Caribbean and Middle Holocene sambaqui individuals from Brazil 
(Laranjal and Moraes) show high genetic similarity (Archaic Caribbean 
cluster; Fig.%3 and Extended Data Fig.%8c,d). Late Holocene sambaqui 
people are closer to ancient Caribbean Ceramic groups (Ancient East-
ern South America cluster). The Archaic Caribbean cluster aligns with 
ancient Central Americans, whereas ancient Eastern South Americans 
group with Argentinean Pampas populations. Both diverge first from 

Southern Cone and then from Andes populations, indicating that the 
second dispersal might have moved south along the Pacific Coast 
before expanding north.

Several South American Indigenous groups cluster with ancient 
individuals from the second dispersal. The Quechua align with ancient 
Andean populations, whereas the Mapuche-Tehuelche and Tehuelche 
cluster with ancient Southern Cone individuals, reflecting continuity 
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Fig. 3 | Spatiotemporal patterns of genetic similarity among Indigenous 
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American groups. Colour-coded clades define genetic clusters, with branch 
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in their current regions. Indigenous North American populations are 
the most genetically distinct from South American groups. Aridoameri-
can populations diverged before all lineages that later expanded into 
South America, whereas Mesoamerican groups split after the initial 
dispersal but before the second-dispersal clusters formed (Fig.%3 and 
Extended Data Fig.%8c,d).

A Late Holocene third dispersal
We inferred population history by integrating genomic data from 
ancient and present-day Indigenous Americans. Representative indi-
viduals from all genetic clusters were selected (Fig.%3 and Extended Data 
Fig.%8c,d), focusing on the most differentiated ancestry components, 
and admixture graph modelling was applied (Methods). Late Pleisto-
cene individuals were included to reconstruct Indigenous American 
ancestry. Starting from tree models without admixture, we progres-
sively added admixture events using an unsupervised, genome-based 
approach.

Admixture graph analyses placed present-day Indigenous South 
Americans in a clade with Ceramic-period ancient Caribbeans (Extended 
Data Fig.%10a–c), whereas Central and South American ancient individu-
als, including Archaic-period Caribbeans, formed a separate clade, indi-
cating distinct dispersals. This mirrors earlier genetic affinities (Fig.%3 
and Extended Data Figs.%8 and 9), with present-day Indigenous South 
Americans closer to Ceramic-period Caribbeans and second-dispersal 
individuals more similar to each other. The 11,000-year-old Spirit Cave 
individual shows affinity to the first-dispersal clade (Fig.%3) but splits 
earliest in the second-dispersal clade (Extended Data Fig.%10a–c).

Single-admixture models identify the ancestral mixture forming 
Indigenous Americans from East Asians (Han) and Ancient North Sibe-
rians (Russia_MA1_HG.SG), with Ancient Beringians diverging first 
(Extended Data Fig.%10b). Including a second admixture into the model, 
third-dispersal individuals, including present-day Indigenous South 
Americans and Ceramic-period Caribbeans, derive from a mixture of 
branches related to Mixe and Sumidouro (Brazil_Sumidouro_10400BP.
SG, and Extended Data Fig.%10c).

The third dispersal can be modelled as a mixture of early SNA 
and Mesoamerican ancestry, represented by Lagoa Santa (Brazil_
Sumidouro_10400BP.SG) and Mixe. Late survival of Early SNA lineages 
in South America has been suggested for ancient individuals from East-
ern South America15. The second and third dispersals remained geneti-
cally distinct, with no early admixture between the second dispersal 
and Mesoamericans. Over time, genetic affinity with Mesoamericans 
increases (f3(Mbuti; Mixe, X), Spearman’s r = 0.7028, P < 2.2 ( 10−16; 
Fig.%4b). A similar trend is seen with North American Pacific Coast 
groups (f3(Mbuti; USA_CA_Early_SanNicolas.SG, X), Spearman’s 
r = 0.4198, P < 2.2 ( 10−16), reflecting their phylogenetic proximity to 
Mesoamericans (Fig.%4a). Some later individuals in the second-dispersal 
clade (Fig.%3a and Extended Data Fig.%8c) also show increasing Mesoa-
merican affinity (Fig.%4b), indicating a gradual influx rather than rapid 
replacement. This progressive gene flow would have eventually reached 
a threshold sufficient to generate the genetic differentiation observed 
between the third- and second-dispersal populations.

Present-day Tehuelche and Quechua, showing strong continuity 
with second-dispersal ancestors (Fig.%3 and Extended Data Fig.%8c,d), 
were included in admixture graph models to assess ancestry. Without 
admixture, both clustered with other contemporary populations and 
Ceramic-period Caribbeans (third dispersal), whereas other Central and 
South Americans formed a separate second-dispersal branch (Extended 
Data Fig.%10d). Accounting for admixture, Tehuelche retain continuity 
with Southern Cone second-dispersal ancestors (Argentine Pampas) 
but derive most ancestry from a Chaco sister branch (third disper-
sal). Quechua mostly descend from an early-diverging third-dispersal 
branch while maintaining continuity with second-dispersal ancient 
Andeans (Extended Data Fig.%10f,g).

In automated models including Tehuelche and Quechua, the third 
dispersal is not modelled as early SNA-Mesoamerican admixture. The 
second-dispersal clade forms from admixture between early SNA line-
ages in South America (Brazil_Sumidouro_10400BP.SG) and North 
America (post-Anzick-1), indicating distinct early SNA contributions 
(Extended Data Fig.%10f,g).

We built a comprehensive admixture graph integrating previous 
knowledge about Indigenous American population history (Meth-
ods; Fig.%4). The summary model includes ancestry from an unsam-
pled population A (PopA; Fig.%4a), contributing to present-day Mixe4. 
Gene flow into third-dispersal populations was modelled using both 
the Mixe and ancient California Channel Island individuals as a sister 
branch. We also modelled ancestry from an unsampled population Y 
(Ypikuéra, ‘ancestor’ in Tupi), explaining excess affinity between some 
Indigenous Americans and Australasians41 (PopY; Fig.%4a). The model 
also accommodates PopA contributions to Mesoamericans and ancient 
Californians (Fig.%4a). Observed and predicted F-statistics show no 
significant deviation (maximum |Z | < 3; Fig.%4a). Adding Quechua and 
Tehuelche reduced model fit (maximum |Z | = 4.43), indicating that 
their ancestry is not fully captured.

We tested the minimum number of ancestral sources explaining 
genetic diversity in third-dispersal populations using qpWave, with 
first- and second-dispersal populations and ancient North American 
Pacific Coast individuals as candidate sources (right populations; Meth-
ods). Models with rank 0 and rank 1 were rejected (P = 0; P = 1.8 ( 10−25), 
whereas rank 2 was not (P = 1; Supplementary Table%10). Thus, one or two 
ancestry streams are insufficient, and at least three distinct dispersal 
events from genetically differentiated sources are required to explain 
the observed patterns of genetic diversity.

Using qpAdm, we inferred the ancestral sources of present-day Indig-
enous Americans, initially excluding populations linked to the third 
dispersal (Methods). Most South American groups show substantial 
ancestry related to the North American Pacific Coast (Extended Data 
Fig.%11a and Supplementary Table%10). In the summary admixture graph 
(Fig.%4a), this source is modelled as sister to present-day Mesoamericans 
(Mixe), indicating gene flow from Mesoamerica into South America that 
probably shaped third-dispersal populations. Further ancestry derives 
from first-dispersal SNA groups and, to a lesser extent, second-dispersal 
populations, mainly ancient Eastern South Americans. These results 
are consistent across top-ranked models (Extended Data Fig.%11a and 
Supplementary Table%10).

Including all cluster representatives as sources (Methods) yields con-
cordant patterns (Figs.%2–4), with most present-day Indigenous South 
American ancestry attributed to third-dispersal sources (Extended 
Data Fig.%11b and Supplementary Table%10). Limited continuity with 
the first and second dispersals is detected in a few groups, particularly 
Early SNA and ancient Eastern South American clusters. Tehuelche and 
Quechua are notable exceptions, deriving most ancestry from Early 
SNA or a mix of Early SNA and North American Pacific Coast sources, a 
pattern stable across high-probability models (Extended Data Fig.%11b 
and Supplementary Table%10).

Our results indicate that present-day Indigenous South Americans 
and Ceramic-period Caribbean populations were shaped by an uni-
dentified third main dispersal, probably from Mesoamerican-related 
groups. This Late Holocene dispersal predates the arrival of 
ceramic-associated groups in the Caribbean and is at least 1,300 years 
old, on the basis of the earliest individuals assigned to it. Distinctive 
ancestry and affinity patterns (Fig.%3 and Extended Data Fig.%8c,d), 
inferred Mesoamerican-related contributions (Fig.%4a and Extended 
Data Figs.%10 and 11) and elevated Mesoamerican–South American 
affinity (Extended Data Fig.%5), together with increasing affinity through 
time (Fig.%4b), collectively support this model.

These findings are consistent with previously inferred Mesoameri-
can admixture in some Indigenous South American populations4 and 
with a ‘non-Anzick’ SNA lineage related to ancient California Channel 
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Islands individuals who largely replaced local South American groups, 
especially in the central Andes5. Our results further indicate that these 
components were introduced by the dispersal of closely related  
populations.

Affinity with Australasians and archaics
Some Indigenous American populations show elevated genetic affin-
ity to present-day Australasians relative to other groups41,42, contra-
dicting a single non-Arctic Indigenous American clade. This affinity 
is best explained by admixture between the ancestors of Indigenous 

Americans and an unsampled ancient Asian population, termed 
Ypykuéra41,42 (here referred to as Ypykuéra ancestry), partially related 
to a sister clade of present-day Australasians.

We assessed genetic affinity between ancient and modern Indigenous 
Americans and present-day Australasians, the closest living proxies for 
Ypykuéra ancestry (Methods). We applied F-statistics to modern Indig-
enous American pairwise comparisons (Supplementary Table%11) and to 
comparisons including ancient individuals (Supplementary Table%12).

Several Indigenous groups, including the Awajún, Ayoreo, Guarani, 
Karitiana, Sirionó, Suruí and Tsimané, show significant excess genetic 
affinity to Australasians relative to other present-day populations 
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(Z > 3; Supplementary Table%11). These groups span eastern and west-
ern South America and the Chaco, with the strongest enrichment in 
the southwestern Amazon, where five of these seven populations are  
located.

A second analysis detected at least one individual with significant 
affinity in all examined clusters (Extended Data Fig.%12 and Sup-
plementary Table%12), except Arctic and northern North American 
groups, which were excluded from this analysis because of partial 
or complete ancestry from independent Siberian dispersals43,44. The 
earliest signal occurs in the 10,400-year-old Sumidouro individual 
(Extended Data Fig.%12). Signals persist from the Early Holocene to 
the present, increasing in frequency during the Late Holocene, espe-
cially in the Andes, Pacific Coast and western South America (Extended 
Data Fig.%12). The partially discontinuous spatiotemporal pattern 
probably reflects variation in prevalence within and among popula-
tions42. Taken together, these findings indicate that this ancestry was 
present during the initial peopling of America and that it may have 
contributed more strongly to Late Holocene and present-day genetic  
diversity.

We tested whether Ypykuéra-related ancestry in Indigenous Ameri-
cans reflects shared ancestry with Australasians by means of archaic 
hominins (Neanderthals and/or Denisovans). We compared D(Mbuti, 
Onge; Mixe, X) with D(Mbuti, Neanderthal or Denisova; Mixe, X), where 
X denotes Indigenous American groups (Supplementary Table%13). Mixe 
served as a Mesoamerican reference to match earlier studies report-
ing Australasian affinity41,42. No correlation was detected between 
Australasian and Neanderthal (Spearman’s r = −0.006, P = 0.971) or 
Denisovan affinity (r = −0.1002, P = 0.5372). By contrast, Neander-
thal and Denisovan affinities were strongly correlated (r = 0.6572, 
P = 7.2 ( 10−6), consistent with homogeneous archaic ancestry in the 
founding populations.

An alternative hypothesis proposes that Australasian affinity reflects 
retention of the Ypykuéra component in isolated groups with high 
internal genetic similarity14. Such populations and genomic%regions, 
characterized by elevated ROH, would be less affected by admixture 
that could dilute signals of ancient Population Y ancestry. This hypoth-
esis is not supported by our data, which show no correlation between 
Australasian affinity and inbreeding (FROH) (Spearman’s r = 0.2503; 
P = 0.1192). Moreover, ROH hotspots, defined as regions with ROH 
density greater than three standard deviations above the mean, show 
little overlap with loci of Australasian affinity, with only about 6% of 
such positions coinciding (Supplementary Note%5).

We tested whether Indigenous American affinity to present-day Aus-
tralasians also includes ancient Hòabìnhian individuals, proposed 
ancestors of mainland Southeast Asian hunter-gatherers, including 
the Onge45. Using D(Mbuti, Y; Mixe, X), with Y as Onge or Hòabìnhian 
individuals (La368, La364) and X as Indigenous American populations, 
we evaluated correlations in affinity to Onge and Hòabìnhian individu-
als. La368 forms a sister branch to Onge, whereas La364 is modelled 
as Australasian-related plus Austronesian ancestry, sister to Ami45. We 
observed significant correlations for La368 (Spearman’s r = 0.6444; 
P = 1.1856 ( 10−5) and La364 (Spearman’s r = 0.6208; P = 2.8848 ( 10−5; 
Supplementary Table%14). These results support a shared ancestry 
component between Indigenous Americans and Australasians that 
extends deep into the past.

Genetic adaptation landscape
To investigate shared selective pressures shaping Indigenous American 
genomes, we performed a genome-wide scan for natural selection 
using complementary approaches based on population differentia-
tion and extended haplotype homozygosity (Supplementary Note%7). 
We identified 12 candidate genomic regions (Fig.%5a), predominantly 
associated with immune response, cardiometabolic traits, fertility and 
anthropometric features (Supplementary Table%15).

Among the candidate genes, some have previously exhibited selec-
tion signals in Indigenous American or Latin American populations; 
however, these signals were reported to be restricted to specific ecore-
gions or populations rather than being broadly distributed across 
the American continent, as observed here. The strongest signal was 
in LINC00871, associated with the fertility rate46,47. Other signals were 
detected in GALNT13, involved in fetal growth48 and malaria protec-
tion49 and in IFH1, associated with viral responses and autoimmune 
diseases50. Signals in FADS (FADS2 and FADS3) and SLC25A17 genes10 
were also detected above the 99th percentile threshold.

Our analyses also identified new candidate genes under selection, 
including CMKLR1, a chemokine receptor involved in early immune 
response, adipocyte development and reproductive regulation51. 
CCDC134 (coiled-coil domain containing 134) encodes a secreted pro-
tein with cytokine-like activity that modulates CD8+ T%cell activation52. 
DOCK2 (dedicator of cytokinesis 2), expressed in hematopoietic cells, 
regulates immune cell activation and has a central role in inflammatory 
responses53. Together, these candidate genes show diverse biological 
processes shaped by natural selection in Indigenous American popula-
tions, highlighting the evolutionary forces that have structured their 
genetic landscape (Supplementary Table%15).

Evolutionary effect of Ypykuéra ancestry
Ypykuéra ancestry in present-day Indigenous American popula-
tions remains consistently low (1–3%)41,42, comparable to estimates 
for the 10,400-year-old Sumidouro individual. Its persistence at 
similar levels over millennia raises the possibility that specific 
haplotypes were maintained by positive selection. To test this, we 
identified genomic regions in modern Indigenous Americans with 
excess affinity to present-day Australasians using two complemen-
tary approaches: a local ancestry deviation test and a genome-wide 
D-statistic in an overlapping sliding-window framework. Regions with 
Z-scores greater than 3 in both analyses were classified as candidate 
Ypykuéra ancestry regions. We then assessed evidence of selection 
using population branch statistics (PBS), evaluating whether these 
regions fall in the top 1% and 5% of the genome-wide PBS distribution  
(Supplementary Note%8).

This integrative approach identified 2,297 positions across 24 
genomic regions spanning 17 chromosomes (Fig.%5b), of which 17 
ranked in the 99th percentile of the PBS distribution (Supplementary 
Table%17). The strongest affinity to present-day Australasians mapped 
to LINC00871, associated with fertility46, and was also the top hit in 
the genome-wide selection scan (Fig.%5a). Further prominent signals 
included ALX4, a transcription factor involved in craniofacial and hair 
follicle development54, HMGA1, associated with immune response and 
insulin signalling55, and MTDH, implicated in angiogenesis and cancer 
progression56. A complete list of candidate regions is provided in Sup-
plementary Table%17.

Together, these findings indicate that several genomic regions shar-
ing alleles with present-day Australasians were probably targets of 
positive selection. The candidate genes in these loci participate in 
critical biological processes that may have shaped the health and adap-
tive history of Indigenous American populations. However, positive 
selection seems to have acted on only a subset of Ypykuéra ancestry 
loci, whereas the remaining regions show no evidence of selection and 
are probably shaped by neutral evolutionary processes.

Adaptive introgression in America
Although archaic introgression from Neanderthals and Denisovans 
has been reported in the Americas13,57, its adaptive significance in 
Indigenous American populations remains largely unexplored. 
We therefore conducted a genome-wide scan using SPrime on 
local-ancestry-masked genomes from 128 newly sequenced Indigenous 
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American individuals (Methods). After quality filtering (Supplemen-
tary Note%9), high-confidence archaic alleles comprised about 1.2% of 
the genome.

Overrepresentation analysis (ORA) on the basis of Gene Ontology 
categories identified significant enrichment for genes related to epi-
dermal structure (P = 5.01 ( 10−4), keratin filament (P = 1.19 ( 10−4) and 
intermediate filament organization and keratinization (P = 6.07 ( 10−8 
and 2.22 ( 10−6) (Supplementary Table%18). These findings support 
previous evidence that keratin-related Neanderthal alleles contributed 
to adaptation outside Africa58,59, consistent with an adaptive role in 
the Americas.

Similar patterns were observed for Denisovan-exclusive intro-
gressed variants, with further enrichment in genes associated with 
calcium channel activity (P = 6.03 ( 10−5) (Supplementary Table%19). 
By contrast, Neanderthal-exclusive introgressed variants were 
enriched for C–C chemokine receptor activity and structural con-
stituents of the skin epidermis (P = 4.51 ( 10−7 and 1.44 ( 10−5). Nota-
bly, Neanderthal introgression of C–C chemokine receptor genes 
has been widely associated with immune responses and human  
health60–63.

Among the putative archaic alleles shared with Neanderthals and 
Denisovans and observed exclusively in Indigenous American pop-
ulations, 488 alleles were identified across 84 genes. ORA showed 
functional enrichment for phenotypes associated with cyanosis 

(P = 5.68 ( 10−4), limitation of joint mobility (P = 7.77 ( 10−4) and agen-
esis of molars (P = 1.15 ( 10−3) (Supplementary Table%21).

To identify adaptive archaic introgression in the Americas, we 
conducted a genome-wide PBS scan using Indigenous Americans as 
the focal population, Siberians as the sister group and East Asians as 
the outgroup (Fig.%5c). The list of introgressed archaic alleles in the 
99.9th percentile is provided in Supplementary Table%22. Further 
selection signals were observed in functionally enriched loci such as 
IFIH1, PRDM16 and SCN9A (Supplementary Tables%21 and 22). Nota-
bly, several of these genes were also reported under selection in 
admixed Latin American populations, although previous analyses 
could not disentangle Indigenous American from European ancestry  
components64.

Signals in PRKCZ, KBTBD2 and OR10G3 have not been reported in 
previous studies. PRKCZ encodes a serine/threonine kinase involved 
in immune regulation, memory formation and glucose metabo-
lism65. KBTBD2 (BTB domain containing 2) has a key role in insulin 
signalling66 and bone development67, and OR10G3 encodes an olfac-
tory receptor linked to fruit consumption68. Together, these find-
ings highlight the contribution of introgressed archaic variants to 
immune function and energy metabolism in Indigenous American  
populations.

Finally, to determine whether the observed affinity between some 
Indigenous Americans and Australasians could be attributed to shared 
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introgressed archaic alleles. Grey dots represent PBS values across the genome, 
and red dots highlight introgressed archaic alleles identified in Indigenous 
Americans. The 99.5th and 99.9th percentiles of the empirical distribution are 
indicated by black dashed horizontal lines.
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archaic ancestry, we examined the genomic overlap between regions 
with excess Ypykuéra ancestry and those with archaic introgression. 
This analysis showed a minimal overlap of 0.4%, corresponding to 11 
genes/genomic regions (Supplementary Table%23). This minimal over-
lap indicates that the Ypykuéra ancestry is unlikely to have been derived 
from a known archaic hominin.

Conclusion
Our comprehensive genomic analysis showed a complex and dynamic 
demographic and evolutionary history that improved our understand-
ing of human diversity and adaptation in the American continent. 
We present evidence of at least three principal population dispersals 
into South America, with subsequent regional differentiation and 
long-term genetic continuity in many areas, challenging oversimplified 
models of continental peopling. We demonstrated that Indigenous 
American genomes harbour extensive genetic diversity, highlighting 
the need to better represent these populations using global genomic 
datasets. This diversity reflects both deep-time evolutionary pro-
cesses, such as the Beringian standstill and postglacial expansions, 
and more recent demographic shifts, including severe bottlenecks 
following European colonization and subsequent population isola-
tion. Although structural variation was not assessed, these genomes 
probably contain substantial uncharacterized diversity, including 
copy number variation and insertions and deletions. Our analyses 
showed widespread signatures of natural selection across loci related 
to immune function, metabolism, fertility and development, indicating 
that Indigenous Americans underwent strong and diverse selective 
pressures shaped by the continent’s vast environmental heterogene-
ity. Particularly remarkable are genomic regions with excess allele 
sharing with Australasian populations, the Ypykuéra signal, many of 
which we show are probably targets of positive selection. This indi-
cates that the persistence of this genetic signal, present at low but 
consistent levels for more than 10,000 years, is probably not just a 
signal of ancient admixture but may also reflect adaptive advantages 
in specific environmental contexts. Furthermore, we identified can-
didate regions of adaptive archaic introgression from Neanderthals 
and Denisovans that contribute to functions related to immunity, 
metabolism and epidermal integrity, thereby reinforcing the role of 
archaic alleles in shaping the evolutionary trajectory of non-African 
populations. Importantly, our data indicate minimal overlap between 
genomic regions with Australasian affinity and those introgressed from 
archaic hominins, supporting the interpretation that these signals 
represent distinct evolutionary phenomena. Together, these findings 
underscore the unique evolutionary history of Indigenous Americans, 
shaped by complex interactions between ancient population structure, 
migration, natural selection and introgression. They also emphasized 
the importance of expanding genomic research among underrep-
resented populations to capture the full scope of human genomic  
diversity.
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Methods
Sample description and DNA sequencing
In this study, we generated new whole-genome sequencing (WGS) 
data from 128 Indigenous American individuals representing 45 pop-
ulations and 28 language families across 8 Latin American countries 
(Extended Data Fig.%1 and Supplementary Note%1). Whole genomes 
were sequenced at the Beijing Genomics Institute (China) and Dasa 
Genômica (Brazil) using BGISEQ-500 and Illumina NovaSeq 6000, 
with an average sequencing depth of about 44(.

Ethical approval for sample collection was granted by local ethics 
committees in each country: Argentina (Puerto Madryn Zonal Hospi-
tal, resolution no. 009/2015; San Carlos de Bariloche Zonal Hospital, 
resolution no. 1510/2015), Brazil (CONEP, resolution nos. 763, 4599, 
3828655, 7107656%and%8273857), Bolivia (Universidad Mayor de San 
Andrés), Ecuador (Universidad de Las Américas; Consejo Nacional de 
Ciencia y Tecnología—CONACyT, grant no. 69856; Instituto Nacional de 
Ciencias Médicas y de%la Nutrición Salvador Zubirán, refs. 15,18), Mexico 
(CONACyT grant no. 69856; Instituto Nacional de Ciencias Médicas y 
de%la Nutrición Salvador Zubirán, refs. 15,18; CNIC Salud 2013-01-201471; 
Committee of Ethics and Research, UADY, notice F-FENC-SAC-14/REV: 
04, registry no. 09/17) and Peru (Universidad San Martín de Porres). 
Written informed consent was obtained from all participants before 
sample collection. Logistical support in Brazil was provided by the 
Fundação Nacional do Índio. All sampling adhered to the Declaration 
of Helsinki and the relevant national laws and regulations at the time 
(Supplementary Note%10).

Read mapping, variant calling and annotation
Whole-genome sequence data preprocessing, variant calling and 
annotation were performed using the Sarek v.3.5.0 pipeline69. Spe-
cifically, sequence data in FASTQ format were aligned to the GRCh38 
reference genome and preprocessed according to the GATK Best 
Practices for germline variant discovery and joint variant calling. 
Variants in the joint cohort variant call format were then normalized 
and annotated using the Ensembl Variant Effect Predictor (VEP)70 
v.113, incorporating several annotation sources. Annotations from 
dbSNP, ClinVar and more custom annotations were retrieved using 
SnpSift and VEP plugins. Ancestral alleles were filtered using the VEP 
Ancestral Allele plugin to improve the specificity of downstream 
population genetic analyses. New SNVs were identified by compar-
ing their positions and alleles with those of the variants in public 
databases (1KGP18, HGDP13, gnomAD19 and dbSNP20). Variants absent 
from the dataset of more than 270,000 individuals were classified as 
new (Supplementary Note%2).

Site frequency spectra
We estimated the number of segregating single-nucleotide polymor-
phisms (SNPs) as a function of sample size using a rarefaction approach 
on the basis of the site frequency spectrum (SFS). Alternate allele counts 
were computed for biallelic sites and were used to construct the SFS 
using Scikit-Allel v.1.3.13. To account for different sample sizes and 
normalize the comparisons, the folded SFS was projected onto smaller 
sample sizes using a hypergeometric downsampling method.

Dataset assembly and quality control
Genomic coordinates of the newly sequenced individuals were mapped 
to the hg38 reference genome. The 128 newly generated genomes were 
merged with the following publicly available WGS databases (Sup-
plementary Note%1): (1) 1KGP High Coverage, (2) HGDP and (3) SGDP. 
Sites and individuals with more than 5% missing data were eliminated, 
biallelic SNVs were selected, and positions with significant deviations 
(P < 10−8) from the Hardy–Weinberg equilibrium expectations were 
excluded. Ambiguous positions (A-T and C-G) were also removed. The 
resulting dataset comprised 199 Indigenous American individuals 

from 31 language families and 53 ethnic groups. It includes 5,308,880 
biallelic SNPs and 3,710 individuals from 201 populations worldwide.

After the initial quality assessment, linkage disequilibrium prun-
ing was performed with ‘SNPRelate’ v.1.28.0 R package71 to exclude 
markers exhibiting a pairwise correlation greater than 20% (r2 > 0.2) 
in a 50-kb sliding window, advancing in 10-kb steps. This procedure 
yielded an linkage-disequilibrium-pruned dataset for downstream 
analyses that required an independent set of markers (for example, 
PCA and ADMIXTURE).

PCA
PCA was performed using the ‘SNPRelate’ v.1.28.0 R package71 on both 
the complete dataset and a subset comprising only local ancestry-
masked Indigenous American populations to assess potential biases 
introduced during data merging and quality control, as well as to 
explore broad patterns of ancestry and genetic differentiation. In the 
case of the second analysis, positions with more than 10% missing 
data were eliminated, as well as those with a minor allele frequency  
below 5%.

Global ancestry inference
We analysed the Indigenous American genomes using the supervised 
mode of ADMIXTURE72 v.1.3.0 and three putative ancestry compo-
nents (K = 3) using a reference panel of diverse African (Bantu from 
Kenya, Bantu from South Africa, Biaka, Dinka, Khomani-San, Mandenka, 
Mbuti, San and Yoruba), European (Basque, Bergamo Italian, French, 
Orcadian, Sardinian and Tuscan) and Indigenous American (Karitiana, 
Surui, Colombian and Pima) populations without evidence of recent 
admixture with other continental groups, running 10 independent 
iterations with 100 bootstrap replicates per run. The consensus results 
of independent runs were obtained using CLUMPP73 v.1.1.2.

We also investigated the genetic structure of present-day Indigenous 
Americans and their relationship with ancient Indigenous individuals 
through unsupervised ADMIXTURE analyses, considering 2 to 12 puta-
tive ancestry components (K = 2 to K = 12) and visualized the results 
using PONG74 v.1.5. In the first analysis, we incorporated a reference 
panel of African, European and East Asian populations to model the 
non-Indigenous American ancestry. In the second analysis, we masked 
non-Indigenous American ancestry (following the approach detailed 
below) in present-day Indigenous American individuals and then com-
bined them with ancient ones.

Relatedness analysis and sample selection
Subsequently, we performed kinship analysis to identify and remove 
closely related individuals from the dataset, minimizing the bias intro-
duced by close relatives in downstream analyses. Using PLINK v.1.9  
(ref. 75), we estimated the IBD between all pairs of individuals, cal-
culated as PI_HAT = P(IBD = 2) + 0.5 ( P(IBD = 1). On the basis of these 
estimates, we identified the largest set of unrelated individuals by 
applying a first-degree kinship cut-off. Filtering was conducted using 
PRIMUS76 v.1.9.0.

Haplotypic phase, local ancestry inference and masking
The haplotypic phase of the genomic data was statistically inferred 
using ShapeIT4%(ref. 77) v.4.2.2, with the 1KGP dataset as the reference 
panel. The parameters were adjusted for sequencing data using the 
‘--sequencing’ option, with the following settings: 15 burn-in itera-
tions, 15 pruning iterations and 100 main iterations. Local ancestry 
inference was conducted using RFMix78 v.1.5.4, applying a window size 
of 0.2 cM and a minimum of five reference haplotypes per tree node, 
using a reference panel of unadmixed (that is, with no evidence of 
recent admixture) Indigenous Americans, Sub-Saharan Africans and 
Western Europeans. We then used the inferred local ancestry tracts to 
mask genomic sites (code to perform local ancestry masking is avail-
able at https://github.com/macscastro/lamask), assigning segments 

https://github.com/macscastro/lamask
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with a posterior probability of being ancestrally Indigenous Americans 
below 99% as missing data (Supplementary Note%3).

Two further datasets were generated: (1) the first dataset was 
generated by combining the local ancestry-masked dataset with 
ten Indigenous Andamanese, of which six were Onge and four were 
Jarawa79; and (2) the second dataset was created by combining the 
local ancestry-masked dataset with the Allen Ancient DNA Resource39 
and ancient DNA data from sambaqui mound builders found in  
Brazil15.

Effective migration surface modelling
EEMS modelling80 (https://github.com/dipetkov/eems) was applied 
to subsets of 116 unadmixed and 160 ancestry-masked Indigenous 
Americans. The model used 1,200 demes and ran for 4 ( 106 itera-
tions with a 2 ( 105 burn-in period (Supplementary Note%4). Migra-
tion and diversity rates were visualized using scripts from EEMS  
developers.

Patterns of allele sharing
Using the ‘admixtools’ v.2.0.10 R package, we calculated population 
pairwise f3(Mbuti; X, Y) to investigate genetic similarity patterns among 
contemporary Indigenous American populations. These patterns were 
visualized using a neighbour-joining tree and multidimensional scal-
ing. The same method was used to assess spatial and temporal genetic 
variation, although genetic similarity was estimated for all pairs of con-
temporary and ancient X and Y groups. Clusters with genetic similarities 
were identified as clades in a neighbour-joining tree. The 1 − outgroup 
f3 distances were also used to infer the existence of a correlation with 
geographic distances, estimated as great circle distances with the R 
package ‘geosphere’ v.1.5.18.

Admixture graph and ancestry modelling
We used the ‘find_graphs’ function from the ‘admixtools’ v.2.0.10 R 
package to identify plausible population history models for contem-
porary Indigenous American populations (Supplementary Note%6). The 
algorithm ran ten times with 200 iterations for each inferred number 
of admixture events. The best-fitting admixture graph for each sce-
nario (ranging from zero to five admixture events) was selected on 
the basis of its highest score. These graphs were constructed using f2 
statistics restricted to transversions, including one representative of 
each genetic cluster identified in the previous step.

To summarize our findings alongside existing evidence from the 
literature, we manually constructed admixture graphs and tested 
their fit to the data using the ‘qpgraph’ function from ‘admix-
tools’%v.2.0.10%R package. Confidence intervals for drift lengths and 
admixture weights were computed with the ‘qpgraph_resample_snps’ 
function, which fits the graph several times using random SNP sub-
sets. The results were summarized using the ‘summarize_fits’ func-
tion to generate a data frame with parameter estimates. As in previous 
analyses, these models were inferred using only transversions, thus 
avoiding systematic errors in ancient DNA data caused by postmor-
tem damage, which induces C-to-T transitions at methylated CpG  
sites.

We used the qpWave method to estimate the minimum number of 
independent ancestral sources contributing to third-dispersal popula-
tions and the rotating qpAdm approach to model the sources and their 
proportional ancestry contributions to present-day Indigenous South 
Americans (Supplementary Note%6), both from the ‘admixtools’%v.2.0.10 
R package. Analyses were restricted to transversions with a maximum 
per-site missing rate of 10%. Two complementary analyses were per-
formed: (1) including representatives from all genetic clusters and 
(2) focusing on individuals from the first and second dispersals, along-
side ancient genomes from the North American Pacific Coast (that is, 
excluding present-day Indigenous Americans and Ceramic-period Car-
ibbeans). We identified feasible models in which source contributions 

summed to 100% and plotted their probabilities and admixture pro-
portions (Extended Data Fig.%11). Full model statistics are reported in 
Supplementary Table%10.

Effective population size history and IBD sharing
We used IBDNe81 v.07May18.6a4 to infer the effective population size 
(Ne) histories of present-day Indigenous Americans. IBD segments 
were identified using the Refined IBD82 v.12Jul18.a0b by merging those 
with short gaps (maximum gap = 0.6, maximum discordant homozy-
gotes = 1). Ne was inferred by pooling individuals by language families 
or genetic clusters (minimum ten individuals; populations from Mes-
oamerica and Aridoamerica were pooled together), as previous stud-
ies indicate that historical Ne trajectories remain robust with smaller 
sample sizes (Supplementary Note%5). Segments greater than 2 cM 
were analysed using the default IBDNe parameters.

IBD sharing patterns were assessed by categorizing segments by 
length, which reflected the time since a shared ancestor, to examine 
shared IBD within and between populations over time. The IBD networks 
were estimated using the ‘as_tbl_graph’ function (directed = FALSE) and 
visualized with the ‘ggraph’ function (layout = ‘fr’) from the ‘tidygraph’ 
v.1.3.1 and ‘ggraph’ v.2.2.1 R packages, respectively.

Effective population size, coalescence rates and divergence times
We applied the coalescent-based method Relate83 v.1.2.2 to the phased 
WGS data to infer historical changes in Ne and estimate divergence times 
between contemporary populations. Input files were converted from 
variant call format to the haps/sample format using the RelateFileFor-
mats script, and haplotypes were flipped according to the ancestral 
genome using the PrepareInputFiles script, which also filtered SNPs 
and adjusted the distances on the basis of the genomic mappability 
mask. Input preparation was performed using the GRCh38 ances-
tral genome (human_ancestor_GRCh38), the GRCh38 genome mask 
(20160622_genome_mask_GRCh38) and GRCh38 recombination maps 
provided by the developer.

Ancestral recombination graphs were inferred using the parameters 
−m = 1.25 ( 10−8 (mutation rate)%and −N = 30,000%(effective population 
size), and the coalescence rate trajectories for each population were 
estimated using the EstimatePopulationSize script. Ne estimates were 
obtained by calculating the inverted coalescence rate in the form of 
0.5/(coalescence rate), and putative divergence times between groups 
were identified as the time points at which the inverted coalescence 
rate values in each population started to diverge from one another, 
whereas the inverted cross-coalescence rate values between popula-
tions increased. This indicates a decrease in cross-coalescence rates 
between populations, indicating genetic separation and increasing 
divergence over time. We also inferred the Ne history by inferring the 
ancestral recombination graph, while considering all individuals as a 
single population.

ROHs
ROHs were inferred for unrelated and unadmixed Indigenous Ameri-
cans using PLINK v.1.9 with a sliding window of 50 SNPs, allowing for 
up to one heterozygous site and five missing calls, a minimum density 
of one SNP per 50 kb, a maximum gap of 100 kb and a minimum ROH 
length of 500 kb. We compared the total and average ROH lengths 
per individual across global populations and Indigenous American 
clusters of genetic similarity. For global populations, we visualized 
individual total ROH counts and lengths, whereas for Indigenous 
Americans, we additionally%plotted population-wise averages. We 
estimated the inbreeding coefficient (FROH − ROH-base inbreeding 
coefficient) and average inbreeding per population and tested the 
correlations between ROH counts and ancestry proportions. Addi-
tionally, ROH hotspots, defined as regions with an above-average ROH 
occurrence%(more than three standard deviations), were identified 
(Supplementary Note%5).

https://github.com/dipetkov/eems


Excess affinity with Australasian populations
We analysed the excess genetic affinity between Indigenous Ameri-
can and Australasian populations by computing D(Mbuti, Austral-
asian; X, Y), where X and Y are Indigenous American groups, and 
Australasians are represented by Australian, Bougainville, Jarawa, 
Onge and Papuan (‘PapuanHighlands’ and ‘PapuanSepik’) popula-
tions. This included comparisons between present-day and ancient 
Indigenous American populations to trace the Ypykuéra ancestry 
across space and time. To minimize bias from missing data, we used 
a subset of unrelated and unadmixed Indigenous American individ-
uals to ensure more reliable results when integrating present-day 
and ancient genomes, the latter generally having high missingness 
levels. We also investigated the signatures of natural selection in 
genomic regions with excess genetic affinity for Australasian popu-
lations (Ypykuéra ancestry) and their potential functional effects  
(Supplementary Note%7).

Selection scans
Natural selection analysis was performed on a subset of unrelated indi-
viduals, masking segments of non-Indigenous American ancestry. 
To detect positive selection signals, we used two approaches based 
on population differentiation (di statistic84 and PBS85) and extended 
haplotype homozygosity (iHS86 and xpEHH87). For all four statistics, we 
conducted sliding-window analysis using 200 SNPs per window with a 
step size of 50 SNPs. We then combined the genome-wide ranks of the 
four statistics for each window using Fisher’s combined score88. This 
score is calculated as the sum, over the four statistics, of −ln(rank of the 
statistic/number of windows tested). Outlier regions were defined as 
windows with Fisher’s combined score scores in the 99.9th percentile 
(Supplementary Note%8).

Archaic introgression inference
To identify genomic regions exhibiting signals of archaic introgression 
in ancestry-masked Indigenous Americans, we used segments detected 
by the SPrime method89, using Indigenous Americans as targets and 
African Mbuti from the HGDP as unadmixed outgroups. To enhance 
robustness, we applied filtering steps following ref. 64, retaining only 
(1) high-confidence archaic sites and (2) those found at low frequency 
in Africa (less than 0.01) but present at greater than or equal to 0.01 in 
at least one non-African population (Supplementary Note%9).

For sites passing through these filters, we classified a match when 
the Archaic genotype contained the putative Archaic-specific allele 
(present in both Neanderthals and Denisovans). Additionally, we identi-
fied Neanderthal-specific (matching Neanderthals but differing from 
Denisovans) and Denisovan-specific (matching Denisovans but differ-
ing from Neanderthals) sites.

ORA
ORA was performed using the WEB-based GEne SeT AnaLysis Toolkit 
(WEB-GESTALT)90, focusing on phenotypes and Gene Ontology cat-
egories, including Biological Processes, Cellular Components and 
Molecular Functions. To address redundancy, we applied a weighted 
set cover approach, which identified the minimum subset of gene sets 
that covered all genes from the enriched sets. The weight or cost of 
adding a gene set was based on P.

Reporting summary
Further information on research design is available in the%Nature Port-
folio Reporting Summary linked to this article.

Data availability
The corresponding author (T.H.) can be contacted at tabita.hune-
meier@csic.es or hunemeier@usp.br.%All data needed to evaluate 

the conclusions of this study are presented in the paper and/or Sup-
plementary Information. The datasets generated in this study have 
been deposited in the European Genome-Phenome Archive (EGA) and 
are available under accession number EGAD50000002396. Access 
to individual-level genomic data is controlled and granted through 
the EGA Data Access Committee for research in human evolutionary 
genetics and related fields, in accordance with the ethical approvals, 
informed consent and community agreements governing the use of 
Indigenous genomic data. Requests for access will be evaluated by the 
Data Access Committee, and applicants can expect an initial response 
in about 2–4 weeks. Allele frequencies are freely accessible through 
the Indigenous American Genomic Diversity Project Variant Browser 
(IAGDP Browser).

Code availability
Newly generated code essential for reproducing the results has been 
deposited on GitHub (https://github.com/macscastro/lamask). All 
remaining data processing and analyses were performed using previ-
ously published software, as described and referenced in the Methods.
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